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K. P. Gurov

The follcwing pepor exardnes tae problem of tho comatruction of
gonexnl. macrosoopio equations of hyirodynamics for "normal" flndde, derived
from the quantom-mechanical equations of tho moleculnr system. Fundemental
attention 1s given to such construstions and to tho analysis of tho physicsl
premises in the expanling method, which, partioularly, appears as a
quantym unalogy dorresponding to the Bogolyubov's mothod in clasalcal
phys.os, Considoring the definite results, it aypears that the originel
Quantum-mechanioal pitture finda its reflsstion in various formales for the
cosffivients of hyircdynanic equatioms., .

I. STATING THE FPROBLEM

» The problem of the derivation of hydrodynemic equations of claspioal
physies, caming from the molecular-kinstic picture, has lately recelved
mon attention, as is shown, for oxamls, iu the of Chamman
[E] e T. . fogolyuhot 3/, and ¥he work of Kirkweod /3] am others.

A nmodor of authors bave noticed that an enalogous problem con te
made by quantvum-theorotical examinstions.

Opexator examinations of quantum hydredymemios have alresdy ‘Deont
formilated by L. D..landsn /47, Leniau fcrmed, enalogously W hyfizoe -
dynanic eguations of classical. phyatos, differeatial equations for the
operators of the densitios and velooitiss amd, to camplete these cgeations,
ho crested & eoxruspuniing comiition of relstionships for all denoted
oporatora., However, eince lanleu’s oquetionz vore ot fermed from
genernlly unierstood ani exmct guertum-mechsnical oguations, there in an
sntureat ia further yeecaroh on thase squations for the purpose of
oreating stups to their approxiretions and limdis of <eir applicability.
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. In th presont paper v masign caymolves tho prodien of consttucting
gevernl. magroiooplo m.m!mio pauations which are darived from ’nho
- guanvwt-geskanisal oguations oo tho-gyeten of molotuler roaotiozs.: T
Mwmmmmmmmmeqmtmror “noreal” (\ma.es-
ensrate) Sintds. Bexe also, in & few wnxis, wo will mention ho motkoed
whiok lsads to the caloulation, fyom the quantim-mechanical molaculsr :
ploture, of basfo kintmatic coeffisients trisocsily, ete.). We will lesve
%he dotalisl investigation as & Bibjest of futwe woak.

The devolopment mmmmmafmm:zfmlmthe
tegie problem pavesnted here sppdere 48 & (uantum-mochanical genoralization
of Bogolyubov's mothod. The firet Atteept in this direstion wap mede in
our pevicun diesertation /575 howver; that problew was only the solution
fercmpartofthsmo ab this tim¢ wa bove no limitabions.

mm'awmmmw;mgambem Yo will
mmmmmmmmsmmuwdmtmd
iu'! codstants. The natuse of the lstter in BoBalyubov'e mathed of

oona:ttm, 4.0., Thysigal dimensions, whioh aftse boing

:lmmmmgim roblam ehonld dotamning the fam of molecular
mmmmmmsmoqniumm.mmw
the suthor assigned himgelf ¢hs yroblem of constructing the classical
Wdoﬂmtmm,mtmmmm ooniitions wero
chooen: dsuedty, mEorowlosity, end host soagy, In stetis equilinrium
me(mmmmmw)wmm
maetgmﬂm soprsapaling ofnilibriom conditicn (paremmiric
ocorfiition

Th cases -other then static emitiimu, the dimansions of the deroted
, wmummﬁwmmwth,mthu
‘ mcmmmtm&ﬂmgm.mm

8.3h ‘aa anslogy with ”thxthnuotmm&onatﬁmwommts
quintus-mechanioal gancralizatiom. Mawving in view tho

eminatin only of "nonmal” finifls £4r the ohanging paremater comlitions
thore oan De Seleoted fiwo soalar dimmisions as in tho olasaical oase.
{Tf wo wore %0 sot ourselvea the mrohlsm of stpiying supeafluility - flu-
{1ty with Sczsveration” -~ then, in the pature of paramter condibtions,
e cion)d dave teken tuo scalar enl two viotor dimenbicns ;1.e., aight
seulars) simne in this ssse there are two masrowlonitics.

tion infars thet ingstead .af the ohain of

50X1-HUM = §

mmmmaommm .
umwmumm afvangemonts.
theee mmds«nmﬂamaﬂmmwmx,m
Ourov mi!.mm. Tho cmrosponiing mathematicel sytam was
anl equatiofs of Quantmiimechesical arangedont to- which: thesoe
oparmtore camply were ostablighed.

'u:ﬁumthmmboemnsh&awform

Obvicusdy, :
bapis of obtaining general hydrelynesaio cguatfons irn thoso cases vhore tho
molecular moldel. mumwm
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TI.. CENERAT COWDEPTIONS AND COMPUTATIONS

mmummMenmmmummﬁ, resoting
Ancoxding

to the of guoh a molal thexe 16

ua!(galivgﬂ;ﬁhgaudmumm m&oaa)

PglB-1,8 ...

TR (na ey spurD G M sg @Y
(S-H, caN)

o a Uhe matrtx fom {4n ocorddnate ropwussutation)

VYeof D(‘f'“"‘7°>%*’~¢v593--07£,m~w¢w."~~. W (2, 2)

maummmmmanmﬁ mmtoaa an the
threo fon cocaMiinates of the avea §

ocalbinstion of
e 5] = (4 41 ) 9G]
Tavestigation of ¥, leals %o the sayaptotis qproxfuation
(@ »o0, T2oo , tut Vfiaafe cont),
The general ohcactmatibsctr,:
1. Hermitisn o
’{Fs}yf: = [Fs ;? ? ‘ (@9
‘2. Fowaldsation ‘

= L.m 5 ?:7) B+ -,.:m ¥ apur F, =l @ n

3. Guetey
Rj Fs(1ev9)s Fs Cive 8 Piy= Fa(», 9 @9

'm:"uummamwimammmm
ihe chiangs of Bitsmﬂonﬂnhftdr ummqu
17 1% sbents &aﬂm

h,mwmoqmmmr:'

35 = [ RIrE B [ | W] o

*here 19 the ‘bondan tou.-nfﬂ»olouﬂmtusmtingﬁth
tls ,md W (1) 041} 16 the operator of the potential energy—
of the Hénary roection of the § enmd sl perticles:

(CONFIDENTIAL

Bl Sanitized Copy Approved for Release 2011/06/29 : CIA- RDP8000809A000600200436 7 i




. B0X1-HUM

. 5+ Oparators (mitwicos) ¥y, canplying to the comiitions of the
deoreasing correlation,” appear es guariim wolifications of tho olassical
sxrangement whith states that at a sufficient vithdraval of ¢ mulecwlss -

from eacth othar the distaidution Puwotisn ¥, can bo approximated wi
the atd of the fommstion of the funotion F1° e

Tho condition of the decseeaing oorrelation has & Ligher valns
the full gointion of the chain of dedwnty eotsctod

of e equsticn (2, 6). i opesators

6. For any physical dimensica having the oharacteristic gperator

/$jl<"‘<j5s/v L(J'l)'o‘)js))

form

the svorage walue can be calowlabed by the asyaptotic foxmmla

Le % vS.spur LF,. (2, 7)

 Yow, following Lanfan, we imtwoiuce the opsrators of the density,
owment, anll ehdegy pavematyically ‘omneatsd with the term x of the

.m " -
e Oody =2 F,, (3G -0¥8@j=0] . (2.8

(T0)eert B {Pyj 6 (2=x)+$ (5 -X)/%; J(2,9)

'E(x) ,=d i ' Ve ;
R R P

lejs/v

(r is the Smgulue operator.) (2_,/0)

Prom this, acoounting for the well-imcwn farm of the operators P
axd (%MM@M&&Q&MMM&Y&M@:RQW
$ (141); where 102 12 120 interval detween the two reasting partioles)
according to the formmla (2, 7) we get the aversgs dimensions:

o X)=Z-F (x,x), ()
i Lt g . ‘ . -
J (X ““z';; {(‘;‘é}"o‘ J{?‘")F;(?/ ’i[ )jzlz=?l=x,(2.,/2)
ot (440 Q09 g F |
+‘?&r" /§(/x-—7z DFL (x;?z5xxfx)d?1'(2,/3)

o
CORFIIERTIAL .

- CONFIDENTIAI.

roved for Release 2011/06/29 : CIA-RDP80-00809A000600200436-7

Sanitized Copy App




B8 Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200436-7 iy

~_ R 50X1-HUM

COMPIBERTTAL

asvins in min 4 tho 'g1BOMES10Ns 1N’ BEGLAOS 1; wut -accolalbing Tox vilic
geosvel physical treatmemt ed perstors (2, 9) - (2, 10) and aversge
dimensions (2, 11) - (2, 13), ve tem taks the foilowing dimennionsin the
Dature of "parametar conditicns” {introducing mew symbols at the eams time):

72(x) = ST 5 Py (X)s Toxy; @ W)
P 8= Egny = £ POu*C).

I, oonmmr.mammmmcm
APPARENT SPACE BETEROGEEITY

In an adove-meptionsd Yaper (B it vas noticed that casea of
Yaniform-space distridution® are characterized by the invarimece of the
operatora (ma¥riz) ¥, to space trensfer, so me the mathemstical
arrengsmont beccmes °

Fs (gt §st459, +70u--75+3¢,): (3,2)
EF'S(QH' "hGsigt g;)

Fron the mw (3, 1) for the uniform-opece’ ‘atsteihution it

follows tha 2)
F:(?') 7,')3,(‘ (?""i’ .. : 3,

the general case of "wmu'u'n spece distridution,” by couversion
¥, coordinstes, it can have the form _—
, 3

+9/
F(?u?) #, (‘Z, ? "7'—?/,>
from vhish 1t is clear that the uniform-space case i3 characterized by
mmmdf,.mmMum v

urther, xs have unuu‘ly

| . -
Es C‘iu"’)qss 1’ ‘ ,‘t’s) ®
6 TarUE S PR IR 128 e AT i )

numsmcwmmmz,u&ommoormom-
ww,thohmuf ¥, during the space transfers 1s camnected
3m1mmmtuoarmu.ﬂiththe
), .c in the genaral case a» [ , space nuuniformity
& mofthodepmdmnotr o the srgument
r(?fz'),ootutitmbomwn .

ATTCELEE NI RT AT AL
in vhich

5 (B, 849, 30085 338 o s 47, )2
23"5(%—— )'7“' ?37 ,,'- ’i% ) ’

‘.5-

In
of

lu
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It 18 convenient %0 htro@m%w peramoter A4 . The
mothod of introducing this parameter and the sical sxpediency of such
an introduction iz easy to understand AP the ideas of W. . Bogolyubov
for the clapsical csse aro Pallowed and applisd to the peculiarities of
cur yroblenm. : o e ‘

It 1s not aifflowlt to de convinoed, in teking into ascount {3, 1),
that the functiens P, 6, vhich ware not too well dstermined by equations
{2, 11} - (2, 1%) in the cese of spase unifcrmity, appeer conatant in
timo snd space Aimensions. wx following mecrosoopic trestmmt of theso
Hmstican the factual neutralization of the right-hand

1) - {2, 14) aleng the spase volume. o

7 with the "radius of sotion® Yo of
1o molecular farces, and the time Interval i long im comparisam to
the "unit of molecular time"y, Mifkowhere IP [cp 18 the nathemeticsl
eaxpectation of the sbscluts valne memm inpulse. .

The very selectim of the method of "variation constenta® specifies
that we will bo dealing with furstions which slowly change in time and
wmutnmommtm«mmmmmuum. This
vill indicate that L p, € apfenr as functions which slowly change in
relation to the indidated areas of the "mclecular scale.”

In the 1ight of the above indicatioms, it 16 negessary to oxamine
the right-hand paris of the Parmalas (2, 1) - {2, 13), vhich lealds us
o & complote solukion for the fam of Fa. The solution of the e i
{2, 6) foz ¥,, which satisfiss the omditimms in (2, 1) - {2, 1),
shaald difPer only & nmqmmmum:ﬁ space-uniformity

solution, whish is naturel for the eguatim (2,

The last msthematical conolusicn will carrespand to ths introdustion
of the amell pavemster 44 , vhich oan be writien

Fsz {'S(F(.q,"’qz)/i' ?,,n ’ 73)4&)

with tho den that, asilo O, the solution of ¥y goos over to the car-
respanding spsoe-unifarmity solution. It imedistely

the peramster omaitions in the general case appsar As

mﬂ}.{z .

Rws, introluoing the eysbal t,:/A(Z,-o-?ﬂ/a_ ywe get
FS?:fs (5)?’)000)2;) ’(5::‘) i

15,9, 49, -1, + 8, ER g g)>®

Thy *Hermitian? of the operctors in guch a margin is conserved:
as to the srrengement of the symmetry (2, 5} we now have

kb=t (irsl) 7
" .
B 5y Q+’ . G, 8
4 30e=m G + TR =(R )y =1 GH9 0 decnugy,

-6 =
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farmy e BTSS o€ b mgns o also be pomaited. o b £allovtig s < i
P{/‘ Ssre Z@f*?f)acﬁ‘«f, ; \
Fs (=% @ = ?:./?‘ d.ga_%
and f)/ S Pyl EE*+ Z/’ﬁwz}e_q&a)a%ﬁ £, &9

since, for ameaplo,

P//.‘ls (6 5;. '“:Z,’):fg{'g"l'#_fgjj 5?,4" '7;) -
f fs (€ 57,\"'12;)*MCL}E‘;;;-)J‘,(Q;Z;"-;Z;)-F

2, fE g -7, .
T T s

and (2,6) 1t 18 not Asfficult to construct an sguation
ehall oat here in a -doevelopsd. form (in vhich the
gmmnymmarwummdm):

g . R
q . X .
b g o Yot b Bl et
cjeres (BUg%~Blg~aifs+ (3,11)

""l—'-‘ 2 . - LI . ' . B
ﬂ'ﬁ'f!s_,‘s-s {é (79 L ')‘§(‘i.i @5+f‘)}§{’*'}fsﬂ=’:é¢; d‘g,,,

In order %0 we need a tera J; in the aemssxdded fnpulees.

o other warks [D-T/ 1t van ghowm thet, in the abeancs of degaeretion
@ 0aBes of space Wifamity P, , in the descrided fmpulises, it 1s
expresscd through the gmeral function of the impulse iistributicas w(p),

FLGPOE ) £ (2 B )G s Pulp) §pmpy) o 220

mm . “
FGo)=/wpres poGs- 5= )dp =
= £ (Z-Z').—‘.-/,@) Gy B)
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(Homoofrsts, fPor brevity we will designate 7‘§ -% doy 1093

. In these works in wan noticsd that i comld be &me in the reverse . .
order 85 woll i.e., given/ (g, ¢4 fy)ve can obtain (3, 12) if we iy R R
caloulate the arrangemant in the ahneme of degsmeration: £ (?)-;-0 wien
Iyl-—» o

Aotoally

) .
e G N R R S R

= --L— rl ¢ o olag
“GErRy JJ* G-90)a4 {F = G-, *)rg > (pP7=F _}u,, dg,=

TlamR)3 W(P))J(P,-/?'),. G, )
| vhere wpooifioally ‘
w (/:) T RS (:‘.(7)3_ “("/ﬁ—)ﬁ d? {3, 15)
YT s Bt st o S0 )

hmrmuuamhmdmmfm?’ g’a
(3. \15) to change £{g) mw(p)to%&. )MWG,, '

In ooncluding mtﬂmmfwutowte,u)
2, 13) witx m ala utf(z)nﬂu(p ie mu.y dane by caloulating

3, 5)“’5(3’ ”) (m 7-&-.(2-’—%')?1-7

P(E): 3 £(6,005F fu (¢,r)dp; 9

"(‘5%5(&7"‘““ {,g.z. (a ? gm0 ijw(C,P)dP: (3, 17)

ﬁ(a)e(wﬁ'&’r& g M S 6 0-E A G0 +
e SO b (epdg @
where

ha(8,5)2ha (&, 5900k (6908003, 610

i which
Goc A
e ,

APrmercicrenray U
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A study of the right-hand parts of the fermalss (3, 17) - (3, 20) shows , AT
that if we eliminate the first cowpanent in (3, 19) which hes a definite .
quantam derivailon (en we whell $ee; in our vAlid approAclh to TRIE), - el sl LR e
then we will oo@® %0 a full anslogy with the classioal theory in the

recorded form. Thias leads to impoartant cmolusions: Pivst, if £ ie

to bs regarded as a pavameter, theaw (¢, p)oan be treated in the claseioal
vay, as a “function of the demasty of the distributed impulses in the space
point £,°% ", Beoond, the analogy in the recardsd forn and imdicaticms of
the trestment indicate in use the ourrectness of the seleotiomn
dﬁ/"”"’md € in the nature of gavameter conditions wsed in Bogolyubov's
mothod, the compoaition of which, with alteraticna forr our problem we
sball nov study.

I¥. BOGOLIUBOV'S METOD

0

In conformance with the: examineticn of the problem hera, Bogolyubov's
method oan bo formilated in the follovwing way.

The above mmtioned dimensionsp, L endp & tntrodused in the
euilibrium case appear as oonstant dimennions whioh ere taken «s
" ccnditions,” 1.e., the fam of oparatar chains (matrix) fs
in cux onee is fully diotingatshed by thess paremeters. At deviations
from the -oguilibrimm caso we £ind as befare that thems five diwensions :
romin in parsmster candition, i.e., in every mament of time 7, N T
the form of the chaga. fs fully digtingnishes the task of 2 PU™ amaPéd T

" far that very moment of time at vhich these five dimensions are nov B

regarded is slovly chenging funotiong of timy and space. The form of
the laat function is delermined by the soluticn of five Qifferential
oquaticns -~ hydrofynamic equations -- determining the behavior of
these five dimomsicns. :

"The bdasio problom inolidse the oonetxruction of +hese equations in a )
olear way. We will notice at the outsst that the farivutives of ,Pu"and~d
in time snould sutomatically return to zero when the equiiitriun
canldition ocours; farmal arrengement of this appears asi&+ O . Bscause
of ¥his. we will pressnt the desired equaticms in the forms:

dpldc = A, 4 Ay + o UEE
' dout =B v B . ww
PO LIt s e £ Cyt-. . (&, 3)
Yhare the apparent forms of AAzs .. BB 3G Gy st ot be

Hovmm:mnwtotbochunfs wilch, far any moent of time,
iy fully dotarmined by the five parsastars for tuat moment of tims. -
This means that among the solutions of the squatims (3, 1) for fy >
ve shall choose caly those soluticns in which the dependencocff on
tins is not 'hthm--wﬁofmotdmﬂmotthﬂ
faastions P, a"fpa. : ,

R
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There ig 4 deep phyeical meaiihg in such & selection. Firet of all,
ve vill notioe that; aivce we congidor thad parameter cenditions appeor
. .88 sloviy changing functlone of manes and 4ime. 4. Pollovs foon (B, m s i e e VS

{4, 3) that e must be made s -mrall dimsssion. Further, cnco the dee
pondenco of F 5 an time is datermined anly by the farm of the dependence
on the time funcilon £ Pu, 28, then from this the expressions Par the
darivatives (8=1,2..%) vili be linessly dependent on the right-hangd .
parts of tho equaticus (k, 1) - (i, 3) In whick the solutions far 2/, 5%
end 2 ere substituted fram theas equetions, 1. o., the series of -
darivative dimeusions In a definite calculation will bo detarmined by
a garies of A dimensions which, as we ghowod, whould be amall.
1% can be 8858 -the change of F¢ in Lime 'is synokront zed with ths
of the five pavameters; for & small M , the same thing ocours for '
epace changos. .

From this we comclude thot "emoothing eut™ of fo 5 i.0., the
neuiralization; ie Acne in & determined vay. -ihis is phybically very
regilar. Indeed, Fs serves in the description of the malecular
Ploture, eud at the sems timw With ths 2id of £ ws detormined Pyl A
and £ & (formalas '3, 16 - 3, 19).  Becavee.of thig the chengs to
macogeeopic degcription sutematically necds such a neutraiization. . ‘ . B
The gist of the matter is that a1l nantml!uti?s are already includst : S L

iz the recarding of £, 1in the yorm of fg (1t 4+91) fa,00 ) with the
RO ; L underastanding that po 45 smdl ~- this cen be ssen in” our discussion in
e R * the lntroductien‘ot S in ths Preceding section.

‘Thue, we have §oIv to the meoresconic trestment of P, L, 0.
¥o can now 6all thege dinmensiong, enalogous to the claseical theory, that
is, a5 densities of averags velooities and therml eneryy in a space
polnt £ . The equationy (4,1) - (4,3) ocan be traated a8 actual macro- .
at:.opic equations of hydrodynamicas whick should agree fully with clessical

BN - o ’ ) . . ) \' . " ) ‘ “ - v =

‘a : . Ho can now Zwnlatiza method of @etting & clear formof A, 3 A’’’ ’15?53.;"‘.4(-'1,@{‘; »

o 8ince the magnitude of 44 1s camll, we regard i% as & disardersd ,
paranstor theory and we lock for the sclutie o2 Fx in:

~

Ko 0 4IPSO g g

vhere tha entry of £, 4™, Gin & - arguments signifies the indivect
depmience of £ ot thrémgh the form of these paraseters, The erpresnion
gh,u lhoulg ‘l}at-lerm}&) 'hg oqgiauu:; (3,21}, but i 1% YIr e
® presentsd as = MO+ up oyl 18 understood es ths
operation of ing _m&m‘:&buo A, inatenas of QF/JC, .
e e in which it 1a condidered that in A there anter ffw quantitiea ,o, VA
Y- iu the Bolution of the equations ¢4,1) - (k,3) eto. g
) : k ’ Each of the equatians (3,11) are tius decomposed into a geriscs
of equations:
| S - E spur gy ) =
: KNS y - =¥ 2 S+1,950 7
o, . S CNS,'asco)j*-‘-’-’-_‘ 's‘),&s CS""‘) E J ?S"’:j o-) ()!_,5) e

CIICII M S SOL
| "iif;,‘ =T (d:x : ;,:.51;:;) 4@ -D, g% sz)’ W)
LHsy 75(2)47"_'? < Fes R, LY srodyl JF .
"% A G- o

)

- 10 -
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Rare aignifies the Hamiltonian operator of the olosed sycten 8
of the é-,m pexrtioles, vhich doss not correspond to the cperation

These equuticne bave & ocowplets sxrrengement.. We introduce them in
the mum of the possible unidenvical breskdown of Fs into a
sex s4).  Thess arrungsments can de odtained simply the substitubion
of (b,4) 1n (3,26) = (3,20): Y

P (&) -m g (o =
=8 g (0 ,0) -1 Ju®¥e 0)dp, (48)

o e CA
PLE, ) us (g)=-LE {Qdf:‘ 9 (0)(‘33932:.0“% A INC))

u

PO (£ )+ 5 A8 ) @)= = {4%33@(&)‘2)}"”
+Hr [2@DNGdg s, PG, 2yt
+ 1 o '
T~ f@_ (/7/),4‘5’(@)47 , (4,/0)

JEUE 0= [ Mg, p1dp0 (sl ), ¢4,11)

. </ ;i?:c 7' x (':) ?> }Z;.-o %—/P%(‘g/ﬂ‘,p).f‘/:d, o
e ' @ /2)

.y T J7 7 ol s [ 0010 g0 (%19)

Ir we £ Mdﬂﬂtiiéa.’gtand d@/dt,

derived fror {3,16) - (3,18), tiwn w¢ izmsdintely can notice that the
?“t form of A, B;, C;, 15 determined by the molution of equation
(8,5) with the calowiation of a2diticoal omditicrs. If ve could Suive
the eguations {b,1) ~ 75,3) in the first spproximaticn thun by tho same
token wo could fully deterzine the t form of funoticus, obtained

tho result f the cperatioe 0% 704 oG &g C0) .  Homever
gwaral (not deteled) forn of A, B,, Op can bs fumd without solving
squatian (k,6), with the atditimal Gonditicms of (k,11) - (4,13),
waioch the general qualitative anslysic of the cperations just memticned
de used. Buch is Bogolyubov's schems.
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V. CALOULATION OT THE CORFFICIENTS OF SEPARATION o s re 8

At firet, as we menticned previously, we will undertake the formal
construction from (3,26) - (3,18): . \

i':,(?) = Ut {mn £ @u ?)/é [’m d,‘,[g”g)% d,(f J)

bB @5 (% (g 1)y,

.._{:‘_&(J‘( dz}’dd/(ﬁ? )2 ‘2»)5?’

Jm(&)@@.) -+ {5 & Z,c,(g,7)jz,o-+

(52)

H 80000 Gptotopiin -4 2ot

- (=R J f. (5 7). |
{1 2 2 ot
4 [3 (g~ De’v‘(fznzu;? ) i

b Ja gy, ( 7" 41"’ @)

(mmmnmowbyo/f/dt )

°m':‘otmxmm(3.u) Then for (5,1) by vay of several »

M—:I ‘6‘*""" v J / X

ot T G f‘afB Flep, "‘d@%@“‘*@’ B

(54)
The oonversims for (5,2) and (5,3) are mors ccaplex. Inthmvo
%38 guentim characteristics of wymastry £y, at whioh it 18 obvious that
in the first ipproximations the equationn o?tho quantun effect do not
Py any role. ALl this 15 of definits interest and tluvugh onr conversions
far (5,2) we are 1led also to the conversiwns for {5,3), which are
basioally analogous but even mare cumbrous, ard so for thaa v will
write out here oanly the definite results:

Thus for (5,2) wo get. from (3,12):

: d‘ ~"f;.“r'r:".r {6"?'“ 31)‘%5 (QCLG :(5)7((5'; Z) +

fete
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- ’*ﬁfr/{@ Py u)&ffz eu) E?,Z‘ fA'}‘ Goorta? W) G
= 'I:n&\r 3%6 {az * 26 /(&:'Z))’ao vl-jg/g/[/Z/)'z-— h,(f:;‘i)dz, ' C&Q)

Ysf [ALAR ) le) 1
the dciut?ﬁ%w}? l’uh al; * E:.:l’n:l, ;oo%m{ Por t;ﬁgt.;hat .

/& g0y =3}, (g,

Farther, fram (3,13} ve find:

At (SR b (. g) g0 =T N,

= —/«—«-;9/55 {Pu. o (4’54'&[;"1/-/(;9" -rm uﬂ(ﬁimap)w(é;)p){fj.(jjé)

Whexeupen

=“%f§tzn(‘i')%:'-‘ {h C&,z)“‘hcé\,"’z)} 4?-(077)
Bt in ocuplisnce with the symmetry arrensunent (3,9) ve have:

h (a - h(ar 7)=*f~<z A(é,z)-—'
/A ZP:Z m__ h. (g %)_) (5‘5)

fé"i’ (1¢[H ? h (g z)dcz-,
.mg w-’i: 3¢ ./ tcg C O e rq] /‘(57)6524"
&, (;Z:JJ_“_ZL NEGRIESE
- fe,, (:Zn_i"__z_‘il'_ {h(a,z)—n@, Z)}d?«,,u .

G
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.%%5.: 4:)?‘?.{ {(eudzu@)-p» 7:@} +Z ., l-f,m).
vhere
Tagmal { (4"~ mu)(pbm mes) ey p) ctp—
-5 § ¥ gD FE R R)g
{5,11)

Whioh is thé symmstricsl tencor of the seeond degres. A basically
ofniler oonversion for (5,4) leads to the following result: .

e pe @.mwn 7;e-§§‘§?+§;5—;‘(} ot

" 5,12}
vhare 7&p 18 deternmined through (5,11) and

Lok [LegBER (premuuls . P AP +
+f¢-af BCI1qrLsEs Pelg—

~4 fQJqJ(IW)#‘#(Lf& 9)+ L8906 9IM g, 5/
ih9)=2 (g5 ‘“%')fa( AR iy ~uet.g). (5,11)

anmmmmcowmtmmdmm {5,10) and
{5,12), not being analogons to the classical theory, ars responsidle
fer enly the “exms of the geries no lwu- than the third degree cf 4.

¢ compmrisaus of (5,8), (5.10). and (5,12) with (h 1), (4,2),
ol (h.&) respootivaly permst thé immediate writing of

.--;},(««s)uoc;;) 65,19)

Bi=—sir {ou“u'-l»Tué} N L

Gt + T 5 Se+iSt, G
Ay, ke 2,3,...;

| Bim-3. amry 43, G
-1 -
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viereT{{ls docernined by the expression (5,11} in vhich w and A S

. are placed mnwdeu(ﬂm_%“?) » 5% 1s sinilarly dotormioed. Thus, . - . : S e
ve heve ocze to tho problen of Tinding 7uco) and jy (o} and fully determining
the hydrodynamic eguatioms of the first a; imntion {ideal fluid), of
2inding tho waye of salving for withnd A (tgand, consequently, the possidility
of cmsir;'untms bydrodynamic eguatione of the sepond appruximation (vieec:'y
fluldity) . 4

VI. OBTAINING THE RYDRODYNAMIC EQUATIONS OF 'THE FIRST APPROXIMATION

As is imown from the gensral theory of equilibrium conditioms. in cmees
o the absence of motion of the ayatem as a whole, i.e., the absence of
macyovelooity, and in the case of space uniformity, the tfunction of the
dlstriduted impulses will bedw even (/pf) and, due to our basic
asoumptions, will bs dspendent only.on two "pavemeter sonditions” -0 ana &
If the pystem moves with the velocity 2t s then the function of dietridution
wil) ba 3 even (/ p-muf); this remains true even in the savametric
dependenco of 2~ o £ .

Thus, our w)zioﬁaz(fkm:xWO appous as uf(wua{:“"’”'aﬂ;?f X 9(5)),
oot whon L. 6;,7 s (P-mu(8) 4);6(5)). .~ Fram (3,13) v

We vill introduos a separate value for wu={)

74— =2 g)=rg)

N Hpl={worlpl; 04), 9()e O g P dp.  i6a;
(i From (6,1) 1t s not 417601t 40 see that :
X ¢ )=r,(—-?). (6,2

mthomnlo?o(u o)(‘ ‘ ) ik gRp®
970q) = Jw e (|p—mr);p(6),8(£)) NV FF dp=
¥ = g (LK) g R b ) 5 4 plH), l/.ﬂ). (6,3)
Lralysis of the {4,5) equation shows that they eppoar s oquaticns for
oquiliteimn ocaditions. Our prodlem rov ag the sclving of the (4,5)
oquation vith additional arrengements (4,8) - (4,10). Tt is not difficult o
akow that the solution of oquation (4,5) in satisfying the arrangements (4,8)=
(%,10), will appear ea (6,3)

Z’M f',"-'rgj: ?;:---;’:g')‘
=i G110 (E)
in vhich Iy has T AL A (6,2 N e Al f‘?ﬁ,#)
12 5{(a,, 91 m}mwgz),mmmm

(4,8), (4,10 ; amt ud'o, ta eolved by these solutions,
and doogues of a similar solution, 1t should be:

r;.(ﬁ',..., go=r, (f‘. yeo o) (6,5)

-15 .
~ o - CORFINENITAL

CONFIDENTIAL

Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200436-7



¥ Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200436-7

1

50X1-HUM: -

 GRPRIRRL

... .. The une of these salutionn to carry on; furthor tresoformations of v oo
~ tho apparent form of 7,{f’ aod § X doea not present any spocdal diffionlty;

it 18 only necessary to account at all times for the svenness or unevennsas

of the integral funotions anelysing . the expression. For T Zf ws gots

T84 = Bug {53 § 1Pt 2an =1 onsdfs p. 03clprme

—552 [ 8110190019152 (9,0, 00 dg =B ble, ), (6:6)

witere & 1c Evoneker's syabol, and the fungticn P acoording to the kmown
tylylpl” theory 1s the pressure.. As for 5% » 16 &5 nobt aiffloult to
show that S?ao. :

Aotuaily, whonw """ (Ip - mmf), it 1o easy to ootice that the
integral expression of the Pirst component in the right-hand sife of
(5,3) will be an pdd-numbered fusotion and, actually, ths znto?l is
zgmt to zero. Further, from (5,1%) and the calculation of {(6,4) and
6,3) we got:

oL —2) p0)) el 4, 7)
Py Lt &Y, ~u*{eb . w0, (7
g (637 385) £ g = et

and, conssquently, the secood and thi¥d compovents ia (5,3) will also be
squal %o zero, whewse ,S.c‘.o,

Tima, wo get tho hydrodynoaic equations of the first upprorimation

a .
‘5‘5‘#-# a“:: =0, ' (‘:’) ,

28 slegu® ,_.,42.;33(9&, e

2p0 a(pu®8) Vi
3t 3= =—pmP(e, 9)-%;«—, _(‘)/ﬂ)
1.0., we obtained the gensral hydreiynemic equations of ideal flntds, from
wixich we have ocomploted the problem of this pepsr. Ths analysia of the
equasions {(6,8) - (6,10) shows that queotum-mechanical (end not the
olassiosl) desoription, coning from the molecular wodel, appeers in the
computation of the fundbion P. Although the formula (6,6) determines ®,
it is similar to the olmssicsl, howsver, aod the chango of the olasaical
funotion of distridution is scimilar to the quantum. The apparsct form

of these amlogier 18 oocnected with tho further Govolopwent of the
molecular modsli ‘wnus, for momsple, iu “he detemlmation of & *VOD we may
bave the known Zunotion of distribution of Bose.

nmrwmummmmamwmmmm
the kinetic soeffictents. in 4his vay.
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Eguatton (%,6) iz Gistinguished from (4,5) only by tke presence of
a nonfbi¥ora term. In the caloulation of our resvlbts it is ezay o bo
oonvinced that thisponuniform term will appear ae a linesr apmbimation of . .
primary derivatives for £ ™  from the functions p,u%® and & ;
sosfficlsnte of thess derivatives remn'n unimown.. It follows from this that,
in agcordance with the gensral thecry of nonuniform limear eguetions, the
solation of (4,6), 1.e., #L7) , uill deperd linearly on the dsnoted higher
derivatives. IT we iovestimto T and ) whero the solution of :g)u
ip substituted in satiafying the afditiona) arvengements of (&,11) - (4,13),
titen vo will a¥rive at exprsseions, by way of the determined methesetioal
cperations, vhioh are similar to ths olassical. Aimilar comparisions
will chow us the tyve physicel interpretation of the coefficiants of
derivatives, and olesr sxpressions of these sosfficients thronghfe ,
will give ns & solution for the ealoulation of the kinetin cosf¥isiencs
(v:mw.: and therwal conductivity) coming from the quantwa-meedanics)
wolsoulay plotums. i

The imzsdicto relizetion of the sobems put forth here
roquires groater dsvelommmnt: of the molesular pisture, l.e., the
selection.of aome Gomsrete wolel, ITu partioulsy, suchy eslestion will
fully determinewd7en {jp|) aod aleo 'y » The-dcternination-of: fg noeds
- the-scoputation ‘of & series.of 2dditional consideratioms; for exaaple,
& computation "of a oondition of fetreasing corrsiation™ fop the
wmerix ,., e ’ .

. The solution of the indloated problews will serve ag a eubjeot for
fators nm_y.
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